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Abstract—Increasing demand of pineapple fruit in 
Malaysia as source of food has encouraged the 
development of technologies to speed up fruit extraction 
process and enhancing the economic growth of the 
government, farmers and local population. Nevertheless, 
other parts of the pineapple such as their skin, core and 
crown are usually disposed, leading to environmental 
pollution. Pineapple rind contains high amount of 
organic compounds, namely carbohydrates and this 
component has the potential to be the source of carbon in 
vinegar-producing fermentation process. To date, the 
knowledge of fermented pineapple peel extracts and its 
beneficial effects are limited. Therefore, this study is 
conducted to determine the characteristics of pineapple 
peel extract as well as its potential antimicrobial effects. 
Two types of pineapple peel are used in this study; the 
Josaphine and N36 and that both pineapple peels are 
capable of producing vinegar within 4 weeks of natural 
fermentation. In terms of physical properties, peel extracts 
from Josaphine are more turbid, have darker colour and 
higher moisture content than N36. In addition, Josaphine 
peel extracts are more acidic than N36, which probably 
contributed by the presence of higher concentration of 
organic acids. Antimicrobial tests show that N36 peel 
extracts are better at preventing the growth of 
Staphylococcus aureus (S. aureus) than Josaphine-
derived vinegar. Additionally, both pineapple extracts had 
similar maximum inhibitory zone when tested with E.coli, 
indicating equal sensitivity of E.coli towards Josaphine- 
and N36-derived vinegars. This study synthesizes 
multipurpose vinegar from waste material and hopefully 
will provide useful information on the use of fermented 
pineapple peel in food or pharmaceutical industry. 
Keywords—pineapple peel, vinegar, physichochemical 
properties, antibacterial activity 
 
I.  INTRODUCTION 
Pineapple (Ananas comosus) is a tropical fruit 
from Bromeliaceae family that frequently grown in 
countries that have tropical season such as Hawaii, 
India, China, Kenya, South Africa, Malaysia, 
Philippines, and Thailand [1]. In Malaysia, there are 
several types of pineapple such as Morris, Josaphine, 
Sarawak and N36. Johor has the largest production of 
pineapple with 143,964.00 metric tons, followed by 
Kelantan and Kedah with 8,209.60 and 1,121.17 
metric tons, respectively [2]. Due to its health 
benefits, nutrition and taste, pineapple is a favorite 
choice for making jam, juice, ice cream, candy and 
yoghurt [3]. The pineapple agro industrial by-
products including stem, leaves, bark, crown and 
rind. These by-products have a lot of bromelain, the 
enzyme that has high value market especially in food 
and pharmaceutical industries. Its activities like anti-
inflammatory, blood thinner, anticancer and 
antimicrobial have been previously reported [4]. 
Pineapple rind is one of the wastes from food 
processing and contains carbohydrate source that can 
be used to produce vinegar [5]. Vinegar is widely 
known as food ingredient and also has been 
commonly used as traditional medicine [6]. 
According to Pinto TMS, vinegar has antimicrobial 
activity that can restrain microorganism growth [7]. 
Classic vinegar is produced from fruit juices like 
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grape, plum, and coconut. However, fruit vinegars 
can also be generated from the fruit peels or other 
waste material of the fruit [8].  
This research aims to study the phys icochemical 
properties and antibacterial activity of conventionally 
fermented pineapple skin extracts from different 
types of pineapple found in Malaysia. There are two 
types of pineapple peel used in this study, the 
Josaphine and N36 and both are collected from Parit 
Tengah, Batu Pahat. The fermentation process is 
carried out for 28 days and analyses are done based 
on several parameters including pH, turbidity, colour 
and organic acid content. Further, antibacterial 
activities are tested with two different bacteria, 
Staphylococcus aureus (S. aureus) and Escherichia 
coli (E.coli) by using disc diffusion technique. 
II. LITERATURE REVIEW 
Ananas comosus is a specific name of pineapple. In 
the world rank of tropical fruit, pineapple is ranked 
third after banana and citrus [9]. Pineapple industry is 
part of agriculture and bio-based industry where this 
is the oldest industry in Malaysia since 19th century. 
Pineapple canning industries produce large amount of 
solid and liquid waste in which 30% - 50% of total 
weight pineapple like stem, crown, core and peel is 
removed as waste [10]. These pineapple wastes can 
have negative effect to the environment if not utilized 
wisely, especially the peel of pineapple fruit. 
Pineapple waste has a potential for recycling to get 
new raw material that produce higher value-added 
products in industries [11]. According to Abdullah 
[11], the liquid waste of pineapple mainly contains 
fructose and glucose. It also contains nitrogen and 
soluble proteins as well as elements such as Fe, Ca, 
Mn, Zn, Cu, Na, and K [11]. Among these elements, 
potassium (K) has the highest value, whilst the least 
value is copper element. Due to abundance of 
pineapple waste that is available after extraction of its 
fruit, pineapple residues have the potential to be the 
source for bioactive compounds [12]. Besides, all 
parts of pineapple residue contain carbohydrate, 
magnesium and protein [13]. Thus, full utilisation of 
pineapple wastes is appreciated, such as the use of 
pineapple peel as fermentation substrate. 
        Vinegar is a product of fermentation and 
produced worldwide (as listed in Table I) from a 
variety of raw materials. Traditionally, vinegar is 
used for food preservative as it has lactic acid that can 
inhibit the growth of microorganism [14]. In medical 
field, the potential effects of vinegar have been 
extensively studied in treating and preventing disease 
such as hypercholesterolemia [15], diabetes [16], 
hypertension [17], anticancer [18], anti-thrombotic 
effect [19] and antimicrobial activity [7]. 
 
There are many research and information about the-
most-widely-used apple cider vinegar with its 
characteristics, bioactive compounds and health 
benefits [11]. However, the knowledge on tropical 
fruit vinegar is lacking. Pineapple can be found in 
abundance in Johor and it is normally used as 
pineapple jam, pineapple fresh juice and in canning 
fruit industry. Apart from its fruit, other components 
of pineapple are regarded as useless and often, it is 
discarded after extraction of the fruit. Pineapple peel 
provides an alternative source of energy in the 
production of vinegar as it contains high amount of 
carbohydrates. Furthermore, there are limited 
information about physicochemical properties and 
antibacterial activity of pineapple peel-derived 
vinegar. Therefore, this study was conducted to 
determine the characteristics of pineapple peel 
extracts and the possible antimicrobial effects of 
fermented pineapple peel. The production of 
pineapple peel vinegar is more economical as it is 
synthesized from waste materials and at the same 
time, it may have potential beneficial effects to 
human health. The results from this project will 
hopefully provide useful knowledge as reference for 
future use. 
TABLE I.  T YPES OF VINEGAR PRODUCED IN DIFFERENT 
COUNTRIES [20] 
Types of vinegar Major production countries 
Apple cider vinegar Worldwide 
Balsamic vinegar Italy 
Beer vinegar Germany 
Cane vinegar Philippines 
Champagne vinegar France, United States 
Coconut vinegar Southeast Asian 
Fruit vinegar Austria 
Kombucha vinegar Japan 
Malt vinegar England 
Potato vinegar Japan 
Red wine vinegar Worldwide 
White wine vinegar Turkey, Italy 
Rice vinegar United States, Taiwan 
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III. MATERIALS AND METHODS 
A. Preparation of Sample 
Josaphine and N36 were washed using clean water 
and peeled using knife. The peels were then chopped 
into small sizes and separately put into two different 
beakers. For fermentation, each flask contained 5g of 
sugar, 200 ml of distilled water and 45 g of either 
pineapple peel, as carried out previously [21]. The 
conical flasks were then placed in an incubator shaker 
(Sastec, Malaysia) at 28ºC and covered with cheese 
cloth throughout the natural process. Samples and 
data were collected and recorded regularly at one 
week intervals for 4 weeks. Harvested samples were 
stored in a 4oC chiller for further use.  
B. Dry Weight 
Pineapple peels were dried using drying oven 
(LabTech, Korea) at 60oC and readings were 
taken daily until they were constant. The dry 
weight and loss of water were calculated and 
expressed in percentage. 
Percentage of moisture =  
%100
)(
x
Wi
WcWi 
 
Wi = initial weight 
      Wc = weight after drying 
 
C. Color Changes 
Colour changes were decided by naked eye. 
Pictures were taken every week to compare the 
changes in colour of the extracts. 
D. Turbidity Measurement 
Turbidity was measured using turbidity meter 
(EUTECH, USA). Extracts were filled in the sample 
cell and the cell was then capped. The cell was wiped 
with soft tissue to remove water spots and 
fingerprints. The sample cell is inserted in the 
instrument cell compartment and readings were 
recorded. The measurements were done in duplicates. 
E. pH Measurement 
pH meter (Mettle Toledo, USA) was used to 
identify the pH of the extracts and in order to get an 
accurate reading, the pH meter was regularly 
calibrated before it was used and reading were 
repeated 3 times. The pH probe was also cleaned with 
distilled water after each reading. 
F. Identification of Organic Acids 
Organic acids were determined by high 
performance liquid chromatography (HPLC) 
(WATERS, USA). Briefly, the column used was C18 
and the system was run at temperature 30ºC. The 
mobile phase was 20 mmol monosodium phosphate 
(NaH2PO4) (Q rec, New Zealand) with a flow rate of 
0.8 mL min-1, as described by Chen at al., 2013 [22] 
with modification. Selected organic acids were 
recorded on a computer based data system. 
G. Preparation of Media and Agar Plates 
50 g of MacConkey (Sigma, USA) and 104.5 g of 
Manitol salt agar (MSA) (Merck, USA) powders 
were required to produce MacConkey and MSA 
media, respectively. These powders were individually 
dissolved in 1 L of distilled water by using hot plate. 
The media were then autoclaved for 15 minutes at 
120ºC and cooled prior use. 
20 ml of each MacConkey and MSA medium was 
poured into separate plates after being autoclaved. 
The plates were stored in the incubator at 37ºC for 
setting of the growth medium. After that, E.coli was 
spread on MacConkey agar, whilst S.aureus was 
introduced onto MSA plate and the bacteria were 
allowed to grow for another 24 hours. 
 
H. Antibacterial Activity Assay  
Staphylococcus aureus (ATCC® 25923™) and 
Escherichia coli (ATCC® 12435™) were used in 
order to determine antibacterial activity. The agar 
diffusion method was carried out by using 
sterilized 0.6 mm disc filter paper as described by 
Jorgensen and Turnidge (2015) [23]. The paper 
disc was dipped into 22.5% concentration of 
sample for about 10 seconds before placing on the 
solidified agar which contained bacterial strains. 
The agar plates were then incubated at 30ºC for 24 
hours. Next, the diameter of inhibitory zone was 
measured by using a ruler. 
 
 
IV. RESULTS AND DISCUSSION 
A. Determination of water content 
Based on Fig. 1, the dry weight of Josaphine 
(85.5%) is slightly lowered when compared to the dry 
weight of N36 (87.6%). In reciprocal, water content 
of Josaphine peel is higher than N36 peel, 14.5% and 
12.4%, respectively. 
 
Fig. 1. Comparison of dry weight and moisture content 
between Josaphine and N36 peel. 
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The dry weight of N36 obtained in this study is in 
agreement with the dry weight of N36 in a previous 
study [24], where they found that N36 peel has a dry 
weight of 85-88%. As for Josaphine, there is limited 
information on its composition. However, it is not 
surprising to find that Josaphine pineapple is 
frequently used in food canning as it has higher 
moisture content as compared to N36, which is more 
preferred to be used in chinese prayer.  
B. Observation of Changes in Color 
Fig. 2 shows the colour of samples at early week 
1. All samples are colourless but it can be seen that 
Josaphine are cloudier than N36 and the control. 
ontrol is the clearest sample among the other samples. 
 
 
Fig. 2. Color of extracts on Day 1. 1: Josaphine + additional 
sugar; 2: Josaphine alone; 3: N36 + additional sugar; 4: 
N36 alone; 5: No pineapple peel (control) 
As the experiment progressed, the content had 
changed from colourless to brownish. In the final 
week (Fig. 3), all of the samples are the most 
brownish when compared to other weeks (data not 
shown). 
 
Fig. 3. Color of extracts on Day 8. 1: Josaphine + additional 
sugar; 2: Josaphine alone; 3: N36 + additional sugar; 4: 
N36 alone; 5: No pineapple peel (control) 
The colour changes could be a result of 
biochemical reactions such as accumulation of sugar 
[25]. Brown colour can also be formed by 
conversation of sucrose into glucose and fructose, as 
reported previously by Matt (2008) [26]. In our study, 
the sucrose in pineapple peels would be probably 
converted into glucose and fructose and due to 
different rate of convertion, the formation of 
brownish colour in the solution appears differently. In 
addition, a research carried out on other possible 
reasons of browning solution of vinegar found that 
the reactions of phenolic compounds and oxygen in 
the samples could also affect the intensity of vinegar 
color [27].  
C. Measurement of Turbidity 
 
Turbidity of vinegar has a relationship with 
quality of vinegar [28]. As can be seen in Fig. 4, at 
week 1, samples with either Josaphine or N36 have 
lowest turbidity because fermentation had just started. 
Over the four (4) week fermentation period, 
microorganisms in the solution broke down the 
pineapple peels, leaving brown suspensions. High 
turbidity means more suspension in the samples, and 
in the presence of additional sugar as source of 
energy, more breaking down of pineapple peels was 
successfully done by the microorganisms in the 
solution.   
 
 
Fig. 4. Comparison on turbidity between N36 and Josaphine 
extracts 
Turbidity of suspension depends on shape, size 
and mineral composition of particles and usually used 
in industry to monitor the concentration of suspended 
matter. Usually, concentration of solution depends on 
presence of particles in the solution. When turbidity 
of Josaphine is compared to N36, it shows that 
Josaphine has higher turbidity than N36. It could 
mean that pineapple Josaphine has higher 
concentration of solutes in its peel compared to 
pineapple N36, resulting in higher turbidity.  
D. Measurement of pH  
 
Comparison of pH between two different extracts 
from fermented Josaphine and N36 peels is shown in 
Fig. 5. It can be clearly seen that both extracts had 
similar pH (below 4) throughout the process. The pH 
values of both pineapple extracts decreased in week 
two (2), but there was a slight increase in week three 
(3) and four (4). The pH of control maintained at 
around 6 nonetheless. 
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Fig. 5.  Comparison of pH between Josaphine and N36 peel 
extracts 
The control sample is expected to have higher pH 
value (more alkaline) than the samples because of 
acidity process that occurs in the samples. The acidity 
of vinegar is closely associated with acetic acid and 
other organic acids that are present in the mixture 
such as citric acid and lactic acid [29]. Further study 
was performed with HPLC to identify potential 
organic acids that are present in the extracts. 
 
E. Identification of Organic Acids 
 
As can be seen in Fig. 6, the standard of citric 
acid shows a peak at RT 9, while Fig. 7 shows the 
peak for acetic acid, which is at RT 6.5. Both 
standards are not 100% pure for HPLC equipment 
and hence, the peak of the graph is not as optimum as 
higher purity HPLC-grade standards. 
 
 
Fig. 6. HPLC profile of citric acid (CA) 
 
 
Fig. 7. HPLC profile of acetic acid (AA) 
 
          Samples from week one (1) until three (3) had 
detected no citric acid or acetic acid (results are not 
shown). This is not surprising as natural fermentation 
is a slow process and often, it takes longer to detect 
the products of fermentation. However, in the final 
week of experiment (Fig. 8), both acetic acid and 
citric acid have been detected in all samples, except 
for control. Acetic acid can be produced from ethanol 
or sugar during fermentation. In our study, pineapple 
peel itself provides carbohydrate source and in the 
presence of airborne acetic acid bacteria (AAB), the 
ethanol generated during fermentation may be 
oxidized to acetic acid.  
      The identification of citric acid is expected as it is 
found abundantly in tropical fruits. Citric acid is a 
weak acid and its naturally-occurring trait makes it a 
good excipient in cosmetic and pharmaceutical 
industries. Thus, this study provides other alternative 
for harvesting citric acid from the nature and 
importantly, from a waste material such as the 
pineapple peel. 
 
 
 
Fig. 8. The chromatogram of extracts in week-4. AA : acetic acid; 
CA : citric acid. 
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F. Assessment of Antibacterial Activity 
Table II indicated that there were no inhibition of 
S. aureus shown from week one (1) and two (2). 
However, the antibacterial activities were only 
observed after week 3 of fermentation period. An 
inhibitory effect of S. aureus primarily observed from 
sugar-added Josaphine extract indicated by 5 mm 
zone area. Meanwhile, others samples  have shown 
inhibitory effect only after four (4) week fermentation 
period (5 mm) except for sample Josaphine without 
sugar (no inhibitory effect shown). On the other hand, 
N36 extract had shown higher inhibitory effect 
indicated by larger diameter of clear zone at 9 mm..  
TABLE II.  INHIBITORY ZONE OF STAPHYLOCOCCUS AUREUS  
Sample  
Inhibitory zone (mm) 
Week 
 1 
Week   
2 
Week  
3 
Week  
4 
Josaphine (sugar) 0 0 5 5 
Josaphine (no 
sugar) 
0 0 0 0 
N36 (sugar) 0 0 0 9 
N36 (no sugar) 0 0 0 5 
Control (sugar + 
water) 
0 0 0 5 
 
Table III shows inhibitory effect of E. coli growth 
observed on week one (1) fermentation period for 
entire samples extracts where N36 (with sugar) 
shown higher antibacterial activities indicated by 
largest diameter zone compared to Josaphine (with 
and without sugar) and N36 (no sugar). However, 
inconsistent effects have been observed on week two 
(2) until four (4) which may indicated the present of 
resistant strains of E. coli especially in the sugar 
added flask. It has shown minor inhibitory effect 
when the clear zone not exceeded 4 mm by four (4) 
weeks fermentation period.  
TABLE III.  INHIBITORY ZONE OF ESCHERICHIA COLI 
Sample  
Inhibitory zone (mm) 
Week 1 Week  2 Week 3 Week 4 
Josaphine 
(sugar) 
1 1 2 4 
Josaphine (no 
sugar) 
2 0 0 0 
N36 (sugar) 5 0 3 4 
N36 (no sugar) 2 0 0 1 
Control (sugar 
+ water) 
0 0 0 0 
 
Both strains have been tested for susceptibility 
using commercial antibiotics as shown in Table IV. It 
is understandable that S. aureus is most likely 
resistant to major antibiotics. In contrast, E. coli is 
highly susceptible to Ampicillin (10 mcg) as 
Penicillin (10iu), erythromycin (10iu) and 
Streptomycin (10 mcg) shown no inhibitory effects .   
TABLE IV.  INHIBITORY ZONE OF FOUR TYPES OF ANTIBIOTICS 
Antibiotic 
(concentration) 
Inhibitory zone (mm) 
S. aureus E.coli 
Penicillin (10iu) 0 0 
Erythromycin ( 10iu) 0 0 
Ampicillin (10mcg) 0 12 
Streptomycin (10 
mcg) 
0 2 
 
This study has shown that formation of two types 
of acid, acetic and citric, observed after four (4) week 
fermentation process. This incubation period allows 
lactic acid bacteria to produce lactic acid hence 
catalyzes the production of vinegar. Vinegar has 
antimicrobial properties which can be used as natural 
preservative to inhibit pathogenic microorganism in 
food and beverage [7, 20]. Antibacterial assay 
indicated that S. aureus and E. coli are susceptible to 
the extract of pineapple peel especially when the 
sugar has been added particularly after three (3) 
weeks fermentation period..  
V. CONCLUSION 
The addition of sugar has no significant effects on 
physicochemical properties of fermented pineapple 
peel extracts. However, supplementation of sugar 
does affect bacterial activities. Josaphine has higher 
moisture content than N36 extracts. Both fermented 
pineapple peel extracts also contain citric acid and 
acetic acid, which can be extracted and used as 
natural food preservative or excipient in cosmetics or 
pharmaceuticals. In addition, fermented Josaphine 
and N36 peel extracts were suitable to be 
commercialized especially for antibacterial product 
such as cleaner, sanitizer and soap. This research 
provides a stepping stone for making Malaysia a 
sustainable country. 
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